ABSTRACT
INTRODUCTION
Patients with diabetes mellitus suffer unduly from premature 1 and severe atherosclerosis. The Framingham study pointed out that diabetic individuals have higher serum concentrations of lipids and more hypertension, obesity, and thus are more prone to advanced atherosclerosis and it's sequelae, namely coronary artery disease (CAD), cerebrovascular disease, aortic atherosclerosis, and peripheral vascular disease. Coronary angiography (CAG) has been considered as the gold standard for the assessment of the degree of coronary atherosclerosis. But angiographic assessment of the coronary arteries is expensive, needs tertiary care hospitals and expertise and is not without risk.
Since atherosclerosis is a generalized phenomenon and is more or less present equally in the coronary, cerebral, and the carotid arteries; so, ultrasonographic assessment (carotid doppler) of easily accessible arteries has been advocated as a surrogate marker for less accessible vessels, such as coronary and 2 cerebral arterial systems . Ultrasound imaging, which can provide information on intima-media thickness (IMT), plaque presence and type, calcification, and wall diameter, offers the ability to examine pre-symptomatic lesions, assess atherosclerotic burden and hence the risk of cardiovascular events.
Noninvasive screening procedures/investigations are valuable in identifying diabetic patients at risk for CAD. In clinical settings, this can potentially lead to early interventions. The 3 cardiovascular health study collaborative research group has recently observed, in 4476 subjects without clinical cardiovascular disease followed over 6 years, that the relative risk for myocardial infarction (MI) or stroke for the quantile with the highest IMT as compared with the lowest quantile was 3.87. IMT is a strong independent predictor for new cardiovascular events, even after statistical adjustment for other traditional risk factors. In a case control study of 772 persons selected from the ARIC population to evaluate adults free of clinical cardiovascular disease, thickness, had consistently higher values for atherogenic risk factors (age, body mass index, systolic and diastolic blood pressure, pack years of smoking, total triglycerides, low-density lipoprotein (LDL cholesterol), and low high density lipoprotein (HDL 4 cholesterol) than control subjects . Carotid IMT (CIMT) has been shown to be independently associated with CAD in Indian 5 subjects .
There are few Indian studies where carotid intimal-medial thickness has been measured in type 2 diabetics. Therefore, the present study was planned to generate more data on this subject with the aims of measuring the carotid IMT in type 2 diabetics, with or without CAD, and to correlate carotid IMT with various known coronary risk factors.
MATERIAL AND METHODS
two hundred and twenty patients, who were already under treatment for diabetes mellitus at Nepalganj medical college and teaching hospital, Kohalpur were included in the present study. All the cases were evaluated as outpatient in the Department of Medicine over a period of 2 years from July 2006 to June 2008. The cases were selected after satisfying all the exclusion/ inclusion criteria and consisted of consecutive selected cases. Only patients of type 2 diabetes above the age of 35 years were included. Presence or past history of gross congestive cardiac failure, renal disease, thyroid disease, hepatic disease, diabetic ketosis, stroke, and associated rheumatoid disease were criteria for non-inclusion to the study. All patients gave informed consent to participate in the study, and the study protocol was duly approved by the ethical committee of the hospital.
A detailed history and physical examination were recorded, with emphasis on brachial blood pressure, height, weight, waist-hip ratio, and fundoscopy. Laboratory investigations included fasting and 2 hour post-prandial blood sugar, blood urea, serum creatinine, lipid profile (total cholesterol, LDL, HDL, VLDL, and triglycerides). Glycated haemoglobin (HbAIC) was determined quantitatively using the glycated haemoglobin kit in whole blood.
Microalbuminuria (MAU) was determined by an immunoturbidimetric assay. Ultrasonographic scanning of the carotid arteries was performed on the Ge Vivid3 equipped with colour flow imaging and pulse Doppler, with an electrical linear transducer (mid frequency of 7.5 MHz). The scanning session lasted for an average of 30 minutes. The IMT, as defined by 6 Pignoli et al, was measured as the distance from the leading edge of the first echogenic line to the leading edge of the second echogenic line. The first line represents the lumen intimal interface and the second line is produced by the collagen containing upper layer of the tunica adventitia. The image was focussed on the posterior far wall and four images of the left and right common carotid arteries each were recorded at least 15 mm proximal to the bifurcation. The CIMT was calculated as the mean of eight measurements.
IMT values below 0.8 mm were considered as normal. The presence of plaques and degree of stenosis was noted and analysed. Plaque was defined as a localized lesion of thickness ≥1.0 mm; stenosis was defined as > 50% occlusion with systolic frequency peak ≥ 4.0 KHz and spectral broadening. For identification of CAD, history of angina/MI, 12 lead electrocardiogram, TMT, 2D echocardiography, and coronary angiography etc. were performed as and when needed. The diabetics were subgrouped, according to the presence or absence of CAD into two groups.
(I) CAD Group Overt ischaemia: Presence of CAD, as suggested by history of previously known angina or infarction, or affirmative response to the Rose questionnaire and/or ECG suggestive of probable myocardial infarction or possible myocardial ischaemia by Minnesota codes -1-1, 1-2 (Q wave), 4-1-1 (ST segment depression); 5-1 (T-wave inversion); 9-2 (ST segment elevation). Silent ischaemia: Those diabetics without overt CAD were subjected to a stress test (Treadmill test) according to Bruce protocol and those having a positive test result were labelled as having silent ischaemia and those with a negative result were labelled as non-CAD patients. Those cases with an inconclusive result of the test were excluded from the study.
(II) Non -CAD Group -those diabetics without overt or silent CAD.
Data Analysis
Cases were analysed by dividing them into 3 groups, i.e., (i) type 2 diabetics without CAD (group I), (ii) type 2 diabetic patients with CAD, overt or silent (group II) and, (iii) type 2 diabetics with silent CAD (group IIb). Data was expressed as mean±SD. All relevant details including history, investigations, etc., were listed in the proforma and further analysed. The continuous data variables were tested for statistical significance of the difference between two population means by using the student's't' test and Mann-Whitney test. Pearson's correlation coefficient was calculated between independent variables in all groups. Multivariate regression analysis was computed with the SPSS statistical software package and p values < 0.05 were considered significant.
RESULTS
A total of two hundred and twenty (220) cases of type 2 diabetes were recruited to the study (130 males and 90 females). The patients were subdivided into two groups.
(1) Group I -Non-CAD (n=80), which comprised of 50 males and 30 females. (2) Group II -CAD, (n= 140), which comprised of 80 males and 60 females.
A sub-group of 30 patients with silent ischaemia (group IIb) was made from group II. The characteristics of all the subjects and of the two groups separately are shown in table I The left-sided CIMT in the whole group was significantly (p<0.05) correlated to the age of cases, blood urea and to the right-sided and mean CIMT. Amongst group I cases, the leftsided CIMT was significantly (p<0.05) correlated to rightsided CIMT, mean CIMT, blood urea, glycated haemoglobin and, duration of diabetes. CIMT -Carotid intima -media thickness 
Mean±SD Group Characteristics
In Group II, the left-sided CIMT had a highly significant (p<0.01) correlation with the mean CIMT and right-sided CIMT. The right-sided CIMT in the whole group was significantly correlated to the age of cases (p<0.05), and left-and mean CIMT (p<0.01 each). Amongst group I cases, the right-sided CIMT was significantly (p<0.05) correlated to left-sided CIMT, mean CIMT and, the age of cases. In-group II, the right-sided CIMT had a highly significant (p<0.01) correlation with mean and left-sided CIMT.
As seen in Table II , mean CIMT as well as left and right sided CIMT were significantly higher (p<0.0001) in type 2 diabetics with CAD, than in those without CAD. In group I, on multivariate regression analysis, serum to be the strongest predictors of higher than normal CIMT (p<0.041 and p<0.05 respectively) ( Table III) . On step-wise regression, duration of diabetes was identified as another predictor, with p<0.002. On multivariate regression analysis in group II, keeping the mean CIMT as the dependent variable, the systolic blood pressure (SBP), diastolic blood pressure (DBP) and triglycerides (TG) were found to be predictors of higher than normal mean CIMT (p<0.050, 0.017 and 0.010 respectively) (Table III) , triglyceride level being the most remarkable.
Group II
Group IIb CAD TMT positive 
Group I non CAD Total Predictor
Statistical cross tabulation revealed that mean CIMT was normal (≤ 0.8 mm) in 36.7% of CAD patients as compared to 62.5% of non-CAD patients. Whereas, 63.3% of type 2 diabetic patients with CAD had a mean CIMT > 0.8 mm, as compared to only 37.5% of non-CAD patients (p<0.01). Statistical cross tabulation of constant variables revealed that 66.2% of CAD cases had plaque occurrence as compared to 35% of non-CAD cases. 33.8% of the CAD cases did not have plaques, as compared to 65% of non-CAD cases (p<0.003).
This finding indicates that presence of plaques is strongly and significantly associated with the prevalence of CAD. Degree of stenosis was not associated with the prevalence of CAD. The cases demonstrating silent ischemia (group IIb) were also analysed separately. There were 60 patients in this subgroup of CAD cases, with CIMT of 0.880±0.19 mm (range 0.49-1.33 mm). The mean CIMT being the dependent variable, multivariate regression analysis (Table III) showed that the variables affecting mean CIMT in this subgroup of silent ischemia cases w e r e s e r u m c r e a t i n i n e , t o t a l c h o l e s t e r o l , a n d microalbuminuria/proteinuria (p<0.05). Also, a highly significant effect on mean CIMT was observed to be that of serum triglyceride levels (p<0.001). Upon step-wise regression analysis diastolic blood pressure, was identified as another variable affecting mean CIMT (p<0.05).
DISCUSSION
Intima-media thickness of the common carotid artery is considered to be an excellent non-invasive measure of 7, 8, 9, 10, 11 generalized atherosclerosis and also a surrogate marker 12, 13 of coronary artery disease . It is also extensively used to examine the stage of atherosclerosis and to evaluate the regression of atherosclerotic lesions following intervention [14] [15] [16] therapies . The international atherosclerosis project has suggested that the carotid and cerebral arteries and the aorta undergo the atherosclerotic process approximately at the same 17 age as the coronary arteries . Moreover, there is good agreement between histological examination and the 18 ultrasonographic evaluation of the carotid arteries . Mohan et 19 al in the Chennai Urban Population Study (CUPS) in 2000 studied IMT of the carotid artery in South Indian diabetic and nondiabetic subjects and observed that the mean IMT value of the diabetic subjects (0.95±0.31 mm) was significantly higher than those of the non-diabetic subjects (0.74±0.14 mm) (p<0.001). Both in the normal and diabetic subjects, these values increased with age.
At any given age, the diabetic subjects had higher values than the non-diabetic subjects but the difference reached statistical significance after the age of 50 years (p<0.05). IMT showed a correlation with age and duration of diabetes in the diabetic subjects. Multivariate regression analysis showed that age and 9 diabetes were the major risk factors for IMT. Kawamori et al (1992) in their study on the prevalence of carotid atherosclerosis in diabetic subjects concluded that IMT is linearly related with age in diabetic subjects (IMT = [0.0155 x age] + 0.32450). Multivariate regression analysis of 275 type 2 diabetic cases indicated that smoking, hyperlipidaemia, duration of diabetes, hypertension and age were factors determining thickness of the carotid arterial wall.
The mean CIMT in our study group of a total of 220 cases with type 2 diabetes was 0.840 ± 0.18 mm. This is lower than the value reported by Mohan et al in the CUPS study (0.95 ± 0.31 mm), yet higher than normal. The reason for this seems to be the fact that 67% of the cases in the CUPS study were newly diagnosed case of diabetes and therefore may not be receiving statins or glitazones. On the contrary, in our study the mean duration of diabetes was 11.23 years, and most of our patients were already on these drugs, which are known to decrease atherosclerosis and thereby CIMT. 20 In a study in 2001 by Jadhav et al, an IMT greater than 0.8 mm was observed in CAD patients (whether diabetic only, hepertensive only, or both), as against those without CAD; this difference was most marked in the hypertensive group (22.2% vs. 3.6%) and contributed to the increased arterial thickness in diabetics with concomitant hypertension. Multivariate regression analysis revealed CIMT to be associated with CAD with an odds ratio of 2.40. This fact was reinforced by our study wherein CIMT was found to be very strongly and significantly correlated with the prevalence of CAD (p<0.0001). In our study, a m o n g t h e C A D p a t i e n t s , hypertriglyceridaemia (HTG) was significantly correlated to mean CIMT (p<0.001). Chen et 22 al investigated the association of fasting and postprandial triglyceride levels with CIMT among type 2 diabetic patients in Southeast China. The CIMT in patients with postprandial HTG was significantly greater than that in patients with postprandial 23 normo-triglyceridaemia (p<0.05). Nagai et al, in 1998, compared CIMT in asymptomatic older subjects with exerciseinduced myocardial ischaemia.
They observed that exercise induced ST-segment depression was associated with increased IMT (p<0.0001) independent of age and manifest CAD. After adjustment for age, IMT values progressively increased from healthy subjects to asymptomatic subjects with positive exercise ECG alone to those with concordant positive ECG and thallium scintigraphic findings who had virtually identical IMT to subjects with manifest CAD. Each 0.1 mm increase in IMT was associated with a 1.91 fold increased risk for concordant positive exercise tests or manifest CAD, independent of other significant predictors of CAD. We have also found a strong and significant correlation between mean CIMT and prevalence of silent ischaemia, (p<0.001). On multivariate regression analysis, keeping mean CIMT as the dependent variable, the predictors that were seen to affect IMT included serum creatinine, total cholesterol levels, serum 24 triglyceride levels and microalbuminuria. Jadhav et al in their study on association of microalbuminuria with IMT and CAD observed that microalbuminuria had a strong association with high IMT in diabetic subjects. Our results in diabetics with silent ischemia are similar to their observations, as microalbuminuria had a significant correlation (p<0.05) with IMT in this subgroup. 
CONCLUSION

